In this paper, we reported a new simple and effective method, osmotic membrane-assisted selfassembly, for fabricating massive interconnected macroporous silica monolith as catalyst supports. Using the method, we can prepare massive interconnected macroporous silica monolith with homogeneous structures beyond millimeter scale one time. Typically, silica/polystyrene and polystyrene/poly 4-vinyl pyridine core/shell latex spheres with different surface and composition have been prepared, and were used as templates to fabricate massive macroporous monolith with different structure. We believe the advantages of this method will provide the possibilities for fabricating various macroporous catalyst supports.
INTRODUCTION
Macroporous materials have attracted great interests for their potential application in catalyst supports, fuel cell, separating, and photonics. [1] [2] [3] [4] [5] [6] [7] As the most popular method for fabricating macroporous materials, the template method has great advantages in controlling the pore size, figure and periodicity, which is realized by the multifarious choices of templates. [8] [9] [10] While core/shell spheres are utilized as the templates, the different composition between the core and shell brings new possibility for functional (optical, electrical, thermal, mechanical and so on) macroporous materials, especially for catalytic.
However, a simple and efficient assembly method is a disturbing problem for massive macroporous monolith as catalyst supports. As the general assembly method for macroporous materials, the colloidal crystal template is simple. [11] [12] [13] On the basis of this method, the prepared macroporous structure is ordered and interconnected because of the close-packed colloidal crystal template. 14 But distinct regions of the product usually come into being from top to down, 15 so that optimization of chemical processes and precursor/template interactions must be tailored for each class of precursor to control the structure and substructure of the framework. 16 In the past decade, extensive efforts have been devoted to macroporous materials with better qualities and universality. For example, Meng and his cooperators developed a fast, concise IR-assisted cooperative self-assembly (IACSA) approach for highly * Author to whom correspondence should be addressed. ordered multiscale porous materials, through the use of a characteristic infrared (CIR) technique. 17 This method enables optimal cooperative self-assembly conditions to be achieved without limitations on materials and sizes of colloidal particles. However, it is still an interesting issue how to effectively fabricate a macroporous material, especially for monoliths.
Here, we reported a new simple and effective method, osmotic membrane-assisted self-assembly (OMASA), for fabricating massive interconnected macroporous silica monolith as catalyst supports. Using the method, we can prepare massive interconnected macroporous silica monolith beyond millimeter scale one time, and the macroporous silica monolith show homogeneous structures. Core/shell latex spheres with different surface and composition have been prepared and used as templates to fabricate macroporous structure as catalyst supports. We expect this facile fabrication method to attract the interest of materialists and chemists.
EXPERIMENTAL DETAILS

Materials
Tetraethyl orthosilicate (TEOS) and hydrochloric acid (HCl) were analytical grade and used as received. Osmotic membrane (MW : 8000-14400) was purchased from Dow. 4-vinyl pyridine (4VP) and styrene (St) were distilled under reduced pressure before used. Potassium persulfate (K 2 S 2 O 8 ) and other agents of analytical grade were utilized
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Synthesis and Assembly of Core/Shell Nanospheres without further purification. Deionized water was applied for all polymerization and treatment processes.
Synthesis
(1) SiO 2 /polystyrene (PS) core/shell microspheres: were prepared according to our previous work. 18 (2) PS-poly(4-vinyl pyridine) (P4VP) core/shell microspheres: were prepared by emulsion polymerization. 10 ml St, 3 ml 4VP, 0.24 g sodium bicarbonate, and 100 ml of water were placed into a three-neck flask with a machine stirring. The polymerization was then initiated by K 2 S 2 O 8 at 75 C, and PS-P4VP core/shell microspheres latex was obtained after 8 hr. PS-P4VP core/shell microspheres were separated by centrifugation, and then dried in an oven at 45 C. Typically, 0.5 g core/shell microspheres were blended with appropriate mixture solvent (water and ethanol with volume ration in 4:1) and 2.5 ml silica precursor (containing about 0.17 g silica). The mixture was transferred in to osmotic membrane (MW : 8000-14400) in air at room temperature till the silica precursor solidified. The monolithic solid was peered off from the membrane in water and then calcined at 500 C for two hours to remove the polymer templates. According to the ration between latex spheres and silica precursor, more macroporous solid could be easily prepared one time.
Characterization
The morphology of grafted silica and core-shell microspheres were investigated by transmission electron microscopy (TEM) using a JEOL JEM 2010 at an accelerator voltage of 200 kV. SEM images were obtained on a JEOL JSM-6700F scanning electron microscope operating at an acceleration voltage of 3 KV. X-ray photoelectron spectroscopy (XPS) was performed using a VG ESCALAB MKII spectrometer with an Al-K monochromatized X-ray source. Figure 1 shows the digital pictures of the experimental process of massive macroporous materials fabricated by OMASA. Here, PS-P4VP core/shell latex spheres were as template and about 0.67 g massive macroporous solid can be fabricated one time and the scale of the monolith attains to several millimeters. After calcination to remove the templates, macroporous solid shows beautiful color (blue or light yellow, Fig. 1(d) ). Damping capacity of the macroporous materials also was measured by immersing 0.058 g silica macroporous solid into water. After soaking in water, the color of macroporous materials changed to black or dark yellow (inset of Fig. 1(d) ), and 2.6 times of added weight was obtained to 0.21 g. The similar phenomena appear for other solvent, such as alcohol, acetone, chloroform, toluene etc., and the damping capacity of the macroporous materials is not limited by the polarity of solvent, which is very important for their application as catalyst supports. Detailed experimental process has been proposed as follows: osmotic membrane permits solvent to evaporate freely from any directions, and it is a big different from other methods which solvent vaporized only from the top surface of the assembly system. As shown in Figures 1(ab) , after evaporating about one day, the self-assembly system of latex spheres templates and filling was condensed from all face, which effectively prevented the separation between templates and filling. During solvent evaporating, parts of latex spheres loaded at the bottom and selfassembly close-packed cubic structure would form, which acted as colloid crystal templates for inverse interconnected macroporous structure. The silica precursor and solvent began to infiltrate the voids of the self-assembly templates under the weight. Meanwhile, solvent evaporated from any surfaces of the osmotic membrane, but silica precursor was resort and reserved in the interstitial spaces. Accompany with water vaporizing, fluid silica precursor further filled the interstitial spaces under weight. In this process, there is a key that silica precursor kept fluid and did not solidify or aggregation till the silica precursor completely penetrated the voids. Finally, homogeneous massive silica solid was obtained as shown in Figure 1(c) . After removing the latex templates, hard and homogeneous macroporous monolith shows beautiful color. In our opinion, fluid silica precursor and osmotic membrane are the different characters from other methods.
RESULTS AND DISCUSSION
In this method the latex templates could be multifarious polymer or organic spheres for macroporous monolith. In our experiments, PS-P4VP, SiO 2 /PS core/shell spheres were prepared as templates by emulsion polymerization for macroporous structure as shown in Figures 2 and 3 . Both latex spheres were centrifuged and dried at 45 C. These two kinds of latexes spheres showed completely opposite surface charges in acid range (our experimental condition) via the characterization of zeta potential. PS-P4VP shows positive charges, whereas SiO 2 /PS shows negative charges. Both surfaces of the core/shell spheres may catalyze the condensation of the silica precursor. [19] [20] Figure 2 (a) shows that the silica monolith from PS-P4VP spheres consists of ordered close-packed macroporous structure. The average diameter between two centers of porous is 278 nm, which shrink about 20% to the even diameters of PS-P4VP spheres (349 nm). Large shrinkages indicate the silica precursor is composed of silica acid molecular or oligomer, because nanocrystals as infiltrating materials generally shrink about 5-10%. 21 Besides, SEM images of silica precursor directly dried also did not show particles, so that it is easy that the silica precursor composite other functional molecules or nanoparticles. Figure 2(b) further clearly displays the channels of the ordered close-packed macroporous structure.
Inorganic/polymer SiO 2 /PS core/shell microspheres also have been used as templates and novel silica macroporous structure with silica microspheres inside was assembled (Figs. 3(c and d) ). The average diameter of core/shell microspheres were 280 nm from Figure 3(a) . According the same process in Figure 1 , the macroporous silica monolithic solid with movable silica microspheres in cavums was obtained to 1.0 mm. Interconnected macroporous structure could be clearly observed from the SEM images. Silica cores were left in the macropores after the PS shell were removed off. Interconnected pores will be the vital point while the macroporous materials with special structure are used as catalyst supports. Generally, metal acetate and alkoxide are diluted in alcohol as filling for functional macroporous structure. In our method, silica precursor was prepared in water and water is the main solvent as self-assembly, so that many kinds of metal salt could be dissolved in solvent for selfassembly and as functional components. Here, we prepared macroporous materials with Pd in walls and SiO 2 /PS core/shell as templates. Experimentally, 11 mg palladium chloride was directly solved in 3.3 ml acidic silica precursor and then the functional silica precursor is blended with 0.68 g SiO 2 /PS microspheres latex in appropriate amount mixture solvent. After solidification and calcination, palladium salt was introduced to the walls of the macroporous monolith. NaBH 4 solution was used to reduce palladium salt to palladium metal. As shown in Figure 4 (a), interconnected macroporous structure was obtained, and no obvious differences were observed by SEM before and after reduction by NaBH 4 , except that the macroporous materials became black after reduction. Palladium metal could be confirmed by XPS spectrum (Fig. 4(b) ). Palladium serves as the primary catalyst for low temperature reduction of pollutants emitted from automobiles and many kinds of organic reactions. So the functional macroporous materials could be used as heterogeneous catalyst in many fields. A lot of metal salt can be dissolved in water and further treated into metal or metal oxide as catalysts such as Ni, Au, Pt, CeO 2 etc. Therefore various massive macroporous catalyst supports would be easily fabricated by this method.
CONCLUSIONS
In conclusion, we demonstrate a facile and efficient method of osmotic membrane-assisted self-assembly for massive macroporous monolith for catalyst. Different core/shell microspheres were prepared as templates, and interconnected macroporous with novel structures were obtained. There are two main superiorities in this method: Osmotic membrane permits mixture solvent (water and ethanol) freely vaporizing from all direction of self-assembly systems; fluid and stable silica could infiltrate and fill the interstitial spaces accompany water vaporizing. The prepared macroporous materials show high damping capacity and colorific changes. Water as main solvent of self-assembly is effective solvent in our experiment, which may easily bring various functionalities to the macroporous materials. All the advantages of the method provide the possibilities for fabricating various macroporous catalyst supports.
